A 155-item psychological questionnaire was given to 330 multiphasic examinees who subsequently developed a well-documented first myocardial infarction (MI). Two age-sex-racematched control groups remaining free of MI were selected from multiphasic examinees; one group was additionally matched to the cases for standard coronary risk factors. Responses to several questionnaire items were associated with subsequent MI to a statistically significant degree, and a further test indicated that the questionnaire as a whole contained more associated items than would be expected by chance. Outside experts selected items to represent certain psychological traits that have been hypothesized as predicting MI. Items representing "emotional drain" and "somatization" proved to be associated with subsequent MI, but these relationships were no longer apparent when persons with coronary symptoms and diagnoses at the time of testing were removed from the study group. Sets of items representing certain other traits were not significantly predictive, except for those representing "anxietyneuroticism," in the symptom-free subgroup. In studying factors predicting MI, care should be taken that psychological traits are not confused with symptoms of coronary heart disease.
INTRODUCTION
A considerable amount of research has been devoted to exploring whether psychological characteristics predispose to the development of myocardial infarction (MI) (1) . Much of the work that has been done in this area has been criticized because:
(1) Many of the observations have been uncontrolled, ie, based only on observations of diseased persons without appropriate control groups and (2) Even in controlled studies, mental status has often been assessed after the disease occurred, so that observed traits might result from the disease rather than predispose to it (2,3).
We are conducting a case-control epidemiologic study of MI involving patients who had a multiphasic health checkup (MHC) prior to their first MI (4) . The purpose of this study has been to explore the wide variety of data collected on MHC examinees, in order to identify predictors of MI besides established risk factors (serum cholesterol level, blood pressure, cigarette smoking, carbohydrate intolerance, obesity and electrocardiographic abnormalities), since these risk factors account only partially for MI occurrence. Since the MHC contained a 155-item psychological questionnaire, this study afforded the opportunity to assess some psychological tion date. In addition, each risk control was chosen to match the corresponding case for several established coronary risk factors measured at the MHCserum cholesterol, systolic and diastolic blood pressure, serum glucose (same quintile as the case for each variable), current cigarette smoking (yes or no) and electrocardiographic abnormality (presence or absence of diagnosis, "No significant abnormality"). Matching was quite successful for the above variables, but less so for one other for which matching was attempted: triceps skinfold. Only about a third of risk controls were within the same quintile for skinfold as their corresponding cases after the above variables were matched. To be included in the study each risk or ordinary control had to have evidence in his medical chart of medical follow-up at least as long as the corresponding case's MHC-MI interval and no record of any MI or cardiac death at any time.
As with the cases, other non-MI diagnoses consistent with coronary heart disease were sought. Such diagnoses were present in 29 or 6.3% of risk controls and in 16 or 3.5% of ordinary controls. Controls with these diagnoses were not eliminated from the study at first, for the same reason as given above for cases.
The selection of cases and controls and their characteristics have been described in greater detail elsewhere (4) . In general, most examinees take the MHC as a routine health checkup. They encompass a broad socioeconomic and ethnic spectrum.
The Psychological Questionnaire
The psychological questionnaire used in the MHC (sometimes called the "neuromental" questionnaire) was composed of 155 items from a variety of sources. About two-thirds of the items were taken or adapted from the Minnesota Multiphasic Personality Inventory (MMPI). From an original larger group of questions the 155 were selected for use in the MHC because they provided the best differentiation between (1) patients with psychiatric problems treated at a psychiatry clinic and (2) MHC examinees labeled by their physicians as having no significant abnormality. The final list of questions was selected in the belief that it might have some utility in identifying persons with emotional problems, not because it was thought to be related to MI.
Not all MHC examinees have completed the questionnaire. Some were not asked to at the end of the day to avoid paying overtime to attending personnel, and about an equal number simply refused. As a result, of the 464 persons in the case group and each control group, questionnaire responses were available for 330 cases, 349 risk controls and 345 ordinary controls. The proportion of each group answering
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"yes" to each question was determined. Statistical significance of differences in proportions was evaluated by McNemar's test (11) with the Bennett and Underwood continuity correction (12) . This test, henceforth denoted by chi square, was based on matched pairs in which both members responded to the questionnaire. For the comparison of cases vs risk controls there were 261 such matched pairs; for cases vs ordinary controls, 314 matched pairs; and for risk controls vs ordinary controls, 274 matched pairs.
Evaluation of the Questionnaire as a Whole
We wished to have some measure as to whether the entire questionnaire was predictive of MI, that is, whether more questions showed statistically significant case-control differences than would be expected by chance. Since the responses to some of the questions are apt to correlate with one another, one cannot assume that, for example, only 5% of 155 or about eight questions would show significant case-control differences at the 5% probability level due to chance.
Our approach to this problem was to develop a standard of comparison for evaluating observed casecontrol differences-a standard of comparison in which case-control differences were removed as a factor affecting questionnaire responses. To do this we constructed two new study groups out of the case group and control group by randomly selecting half of the matched case-control pairs and switching the relative positions of the case and control in each of the selected pairs. The two new groups therefore each consisted of half cases and half controls. Table  1 illustrates for the first six pairs how the exchange results in two new groups, Group A and Group B. The original groups were termed "separated" and the new groups were called "intermingled," these terms referring to the relative position of the cases and controls.
For each question, we compared the original chisquare test result with that obtained for the two new study groups by computing the differences ("separated" chi square minus."intermingled" chi square). For example, the original chi square value for the first question in the cases vs risk controls comparison was 4.00. For the same question in the comparison of the two intermingled groups, the chi square was 0.64, so that the difference between these two chisquare scores was 3.36. We then calculated the Wilcoxon matched pairs signed rank test on the differences for all the items. Thus, the non-zero differences between the chi-square scores were ranked according to absolute value, with plus signs assigned to positive differences and minus signs to negative ones. Zero differences were dropped, and midranks were used for other ties. It was hypothesized that, if the test questions as a total group were not really related to the subsequent development of MI, the "separated" and "intermingled" chi-square scores should, on the average, be about the same, so that the differences should be symmetrically distributed about zero. The Wilcoxon signed rank test statistic of this null hypothesis is simply the sum of the positive (or negative) ranks, which is compared with its expected value under the null hypothesis, n(n + l)/4, where n is the number of non-zero differences among the 155. We carried out this test twice using two different random exchanges or "interminglings" for each case-control or control-control comparison. Note that the signed rank test is strictly valid only if the 155 differences can be considered statistically independent. This is discussed below. The randomly intermingled groups were used as a standard of comparison only to evaluate the questionnaire as a whole. The findings concerning individual questionnaire items or small groups of such items were based on chi-square tests of the differences between cases and controls.
Evaluation of Various Psychological Characteristics Considered Predictive of Myocardial Infarction
After showing that more questions were predictive of myocardial infarction than would be expected by chance (see Results), we next attempted to determine whether or not the questionnaire was related to myocardial infarction because it measured or detected certain psychological traits that have been considered predictive of myocardial infarction. With the help of Professor S. Leonard Syme we selected five nationally recognized experts in the area of psychosocial factors and coronary heart disease, sent them the 155 questions and solicited their assistance.
Expert A is skilled in the clinical assessment of the "Type A" coronary prone behavior pattern. He was asked to select questions that would differentiate the Type A from the low-coronary-risk Type B personality. He expressed considerable doubts as to the ability of a paper and pencil test to assess this characteristic but tentatively labeled 13 questions that would be answered positively by Type A persons and 9 by Type B. Expert B, who has worked in the area of psychosocial stress and coronary heart disease, was asked to select questions indicating persons under stress. He stated that the questionnaire items did not measure this factor and instead selected 15 questions he thought would be answered positively by Type A persons. Expert C, a social scientist involved in studies of behavioral and social characteristics and disease, selected 20 items that should be answered positively by persons with "life dissatisfaction-emotional drain." Expert D was asked to select questions measuring anxiety and neuroticism but replied that he doubted our evaluation based on questions he selected from our list would necessarily be relevant to prior work done on that characteristic without further validation studies. Expert E, who has worked extensively on the assessment of Type A behavior pattern and is also quite familiar with other pertinent psychological characteristics, was asked to select items that were related to any hypothesized psychological trait considered to be possibly predictive of myocardial infarction. He selected 12 items as definitely distinguishing the Type A from Type B behavior pattern, 10 items probably distinguishing Type A from Type B ("clinical hunches"), 32 items indicative of anxietyneuroticism, 9 items indicative of life-dissatisfaction, 22 items indicative of depression, 7 items representing "somatization" and 5 items representing the "emotional drain syndrome immediately prodromal to myocardial infarction." It should be emphasized that the choices of questionnaire items were based solely on the experts' judgment, and no further work was done to validate these choices against some other independent measures of these traits.
The 155 questions were ranked according to degree of association with one study group as compared to another, as measured by the chi-square tests. The three comparisons involved MI cases vs risk controls, MI cases vs ordinary controls and risk controls vs ordinary controls. For example, in the case-risk control comparison, the question for which a positive response was most associated with myocardial infarction was, "In the past year did you often get spells of being completely worn out?" Among cases, 25.8% answered yes and among risk controls 17.2% answered yes. Chi square was 9.89. This question received the top rank of 155. The item most negatively associated with myocardial infarction received the lowest rank of one. This was, "Once in a while I laugh at dirty jokes." Yes answers were elicited from 66.7% of cases and 73.6% of risk controls. Chi square was 5.32.
The chi-square rank for each item in each group of items chosen to represent some psychological trait was noted, and the mean rank for each group was computed. This mean was compared to the rank of 78, which is the middle rank of the 155 questions. If the expert had selected a group of questions that were making an important contribution to the predictiveness of the questionnaire, it should have had a mean rank significantly greater than 78. Statistical significance of the difference from 78 was tested by a rank sum test (13) , which in this case is equivalent to the Mann-Whitney test.
This evaluation may be somewhat stringent, in that it requires the experts' selections to be significantly better than the median item for the test as a whole, which, as will be described, has some positive predictive value. On the other hand, someone who knows nothing about this field of study, selecting questions essentially at random from the list we provided,, would, on the average, pick a group with a mean rank of 78.
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RESULTS
Individual Items
A total of 18 questions was answered positively by significantly fp < 0.05) more or fewer cases than ordinary controls. For the cases vs risk controls comparison, 16 questions showed statistically significant differences, and for the risk vs ordinary comparisons, 7 questions did so. The questions that showed statistically significant differences in any of the three comparisons are shown in Table 2 .
Among the items that were answered positively by similar proportions of cases, risk controls and ordinary controls were a few that would appear to contradict the popular conception that worry and tension lead to heart attacks. For the item, "I am troubled by frequent worrying about something," the percentages of positive responders were 17.0%, 15.2% and 15.9%, respectively; for "Most people have not had the share of things to worry about that I have had," the percentages were 8.8%, 7.7% and 6.7%, respectively; for "These days I worry over money and business," the percentages were 17.0%, 13.8% and 13.0%, respectively; and for "These days I work under a great deal of tension," the percentages were 19.7%, 19.5% and 22.3%, respectively. None of the above items showed statistically significant differences.
The Questionnaire as a Whole The results of the comparison of chi squares for the separated vs the intermingled groups are shown in Table 3 . Statistically significant differences between the observed and expected rank sums were noted for MI cases vs risk controls and MI cases vs ordinary controls but not for risk vs ordinary controls. Thus it appears that, indeed, more of the 155 questions are predictive of myocardial infarction than would be expected by chance. Or, stated another way, this test, aimed at assessing psychological characteristics, was also related to the subsequent development of MI.
It should be mentioned that the statistical procedure used here should be regarded as approximate, since we cannot be sure that the 155 differences between the "separated" and "intermingled" chi squares are statistically independent. However, one might hope that the (at least partial) symmetrizing, resulting from subtracting an "intermingled" score from each "separated" score, would also remove much of the dependence. And, in fact, the distributions of these differences did not appear greatly different from what would be expected if they were independent. For example, under independence one would expect the variance of these distributions of differences to be 4; actually, for the six trials listed across the top of Table 3 they averaged 3.94. A chi-square goodness-of-fit test showed that the differences could even be considered distributed "borderline-normal" (normality rejected at the 5% significance level but accepted at 2.5%) with slightly too much clustering at the center and in the tails of the distribution. Accordingly, we backed up the signed rank tests with t tests, obtaining comparable results.
Evaluation of Various Psychological Characteristics
The results, shown in Table 4 , are summarized below:
Type A Behavior. The questions selected by three experts as representing Type A vs Type B coronary prone behavior pattern were not predictive. Expert A's choices were looked at as a single group like those of all the other experts, but also in two subgroups since he labeled certain questions as indicating Type A and cer- a Probability of obtaining a rank sum this far or farther from the expected value by chance if there were no relationship of the 155 questions to subsequent Ml or to differences between risk and ordinary controls, ie, if "intermingled" groups were just as different as "separated" groups.
tain as Type B. His Type B questions were answered positively more often by non-MI cases, that is, their average rank was lower than 78, as predicted, but not to a statistically significant degree. Expert A's Type A items and Expert E's "definite" items proved to be significantly correlated with MI (vs ordinary controls) but in the direction opposite to that predicted. As perhaps the most certain choices to represent Type A personality we looked separately at seven items selected both by Expert A and as "definite" by Expert E. As a group these were also significantly predictive but, again, in the wrong direction. The results for each of these items are shown in Table 5 .
Life-Dissatisfaction and Emotional Drain. Expert C grouped lifedissatisfaction and emotional drain together in one set of 20 questions. Expert E selected nine questions to indicate lifedissatisfaction, of which two were among Expert C's choices. Expert E selected five items as indicating emotional drain. Of these, four were on Expert C's list. Expert C's entire list was somewhat better than average in distinguishing MI cases from either control group but not to a statistically significant degree. The same held for Expert E's life-dissatisfaction items. Expert E's emotional drain items did quite well, being significantly associated with MI in comparison to both risk controls (average rank = 136) and ordinary controls (average rank = 121). These items are shown in Table 6 .
Anxiety-Neuroticism. Expert E's 33 choices for anxiety-neuroticism were related to MI somewhat more than average but not to a statistically significant degree.
Depression. Expert E's choices for depression showed a statistically significant relationship to coronary risk factors, that is, they distinguished risk controls from ordinary controls to a better than average degree, but did not do nearly as well in distinguishing MI cases from risk controls. These items were related to MI in the case vs ordinary control comparison almost at the P = 0.05 level (P = 0.055). Thus, they appear to be associated with elevated levels of standard CHD risk factors but not, additionally, to the prediction of MI.
Somatization. Expert E's seven choices of items indicating somatization did well in distinguishing MI cases from each control group, with an average rank of 126 in both comparisons. These items are shown in Table 7 .
Evaluating a Possible Relationship of Items Reflecting Emotional Drain and Somatization to Physical Illness In inspecting the highly predictive items in the emotional drain group (Table  6} and the somatization group (Table 7) , it occurred to us that these might actually reflect the presence of physical disease symptoms at the time of filling out the questionnaire. Even though the questionnaire was filled out prior to any MI, we knew that in the MHC more of the cases than controls reported other manifestations of coronary heart disease, such as chest pain and shortness of breath and more cases had actual physicians' diagnoses related to coronary heart disease. Many cases of a first MI develop in persons who are already symptomatic. Thus, perhaps in giving more positive answers to questions concerning fatigue and poor health, persons destined to develop MI are merely reporting symptoms, and one does not have to postulate psychological traits predisposing to or predicting MI.
To evaluate this possibility we derived a new study group free of coronary disease symptoms, consisting of all matched pairs, both members of which had no coronary disease diagnosis (angina pectoris, coronary insufficiency, other nonspecific coronary, arteriosclerotic or ischemic heart disease) by the time of the MHC and who, at the MHC, denied significant chest pain and shortness of breath in six different medical questionnaire items. This symptom-and diagnosis-free group supplied 84 matched pairs for the comparison of psychological items in cases vs risk controls, 123 for cases vs ordinary controls and 143 for risk vs ordinary controls. We then repeated the analyses to evaluate both the questionnaire as a whole and the groups of items selected by the experts.
In the comparison of separated vs intermingled groups (Table 8) statistically significant differences were still apparent in 113. In the past year have you often found that poor health made you miserable most of the time?
1.2% Ml > risk controls 5.7%
10.3%
Ml > risk controls Ml > ordinary controls Ml > risk controls Ml > ordinary controls a Percentages based on 330 cases answering, 349 risk controls answering and 345 ordinary controls answering the questions.
Paired chi-square test results based on 261 matched pairs of cases and risk controls, 314 matched pairs of cases and ordinary controls and 274 matched pairs of risk controls and ordinary controls.
both trials for cases vs risk controls (P = 0.0001 and 0.034), but cases no longer differed significantly from ordinary controls (P = 0.68 and 0.71). Neither did the two control groups differ significantly (P = 0.42 and 0.73).
For the item sets selected by the experts (Table 9 ) fewer large and statistically significant differences were seen in this symptom-free subgroup than in all subjects. In particular, the association between the emotional drain or somatization items and subsequent MI was reduced sharply, particularly in the case vs risk control comparison, so that the findings for these items were now quite similar to what was expected for a random choice of items. The only significant positive association with MI in the symptom-free subgroup was seen for the anxiety-neuroticism items in cases vs risk controls (average rank = 99, P < 0.01). This group of items did not distinguish between cases vs ordinary controls but was almost significant for risk vs ordinary controls. The five highest ranking anxiety-neuroticism items in distinguishing cases from risk controls and the percentages of yes responses for cases, risk controls and ordinary controls were, respectively, "I feel uncomfortable and awkward in the presence of children," 5.4%, 0.5%, 3.5%; "I am afraid that others will see me as nervous," 10.7%, 4.1%, 6.6%; "I have often wondered why I cannot keep my mind on one thing," 10.1%, 7.6%, 5.7%; "In the past year have you often found that you suddenly became scared for no good reason?", 5.4%, 2.0%, 3.1%; "More than most people I have trouble concentrating," 9.4%, 5.6%, 6.6%.
Thus, by removing from our study groups persons with diagnostic or symptomatic evidence of coronary heart disease at the time the questionnaire was completed, the predictive power of the questionnaire as a whole was lost for cases vs ordinary controls but not for cases vs risk controls. The association of emotional drain and somatization with subsequent MI was essentially lost, but anxietyneuroticism emerged as a possible predictor for symptom-free individuals.
DISCUSSION
On the whole, the present findings would appear to support the notion that a questionnaire designed as an instrument to detect psychological problems may be useful in predicting the subsequent development of MI. The presence of this predictive ability for cases in relation to risk controls shows that the association with subsequent MI is not merely due to an association of the questionnaire responses with standard risk factors. The questionnaire appears to make an independent contribution to the measurement of risk.
As shown in Table 2 , the differences in percentages responding positively to most GARYD. FRIEDMAN etal. items are not very striking. For example, the item best distinguishing cases from risk controls, as measured by the chisquare test, "In the past year did you often get spells of being completely worn out?", was answered positively by 25.8% of cases and by 17.2% of controls. In evaluating such a difference it is helpful to express the findings in terms of the relative risk of developing MI that is associated with a "yes" answer as compared to a "no" answer. In a study of matched pairs such as ours this relative risk may be estimated by dividing the number of pairs in which only the case had answered "yes" by the number of pairs in which only the control answered "yes." Thus, for the item under discussion, the relative risk was 60/30 or 2.0. Similarly, for the second best item for distinguishing cases from risk controls, "In the past year have you often found that poor health made you miserable most of the time?", the percentages of yes answers were 10.3% and 5.2% and the relative risk was 30/13 or 2.3. Positive answers to these questions therefore carry about twice the risk of subsequent MI as negative answers. This is of the same general magnitude as the relative risks of MI development in middle-aged adults associated with cigarette smoking vs nonsmoking or with above average cholesterol vs below average. Thus, some of these items may have predictive power comparable to established risk factors. However, before placing too much reliance in the relative risk estimates for individual items, we believe it important that our findings be validated in a separate study.
The relatively small percentages of cases who respond positively to some of the most predictive items show that, while these questions may aid in predicting MI, the majority of MI cases do not give the high-risk answer to each of these questions. Thus, positive answers to these predictive items might be regarded as analogous to having frank diabetes mellitus or some other infrequent characteristic that predisposes to MI. While having the trait increases risk, most of those who develop MI do not have the trait.
Our failure to confirm Type A behavior pattern as a predictor of MI does not disprove this theory, since there is considerable supporting evidence from other studies (1). It may be that the present questionnaire does not measure this behavior pattern even though the experts selected items that indeed seem to express the feelings of the hard-driving, time-pressured, job-oriented individual. As one expert indicated, there is considerable doubt that this behavior pattern can be measured by answers to a questionnaire as it can by observing a person's behavior during an interview (14) , that is, it may be not so much what the person says, but the way he says it. Another expert commented that the Type A person can better be distinguished by questions giving an opportunity for a range of responses rather than a dichotomous choice. For example, on the item, "I am generally on time for appointments," Type B persons will often answer "false" because they are not particularly precise about time, but some Type A's will also answer "false" because they claim they are always, not just generally, on time.
Our findings with regard to emotional drain and somatization are open to more than one interpretation. Emotional drain has been defined as a "frustrating, long term involvement of the individual's mental processes in his attempt to live with, or cope with, some life fact or conflict which involved some deeply ingrained aspect of the individual such as his values, beliefs, self-concept, or interpersonal relationships . .. Thus, life-long conflicts that are perceived to be unsolvable to an individual whose mental resources are continually mobilized as if he were attempting to solve them may eventually leave him in a state of mental and physical exhaustion" (15) . Somatization has been defined as "the tendency to express stress and tension through bodily symptoms" (16) . Expert E, who selected the somatization items, indicated that he viewed this characteristic as similar to hypochondriasis or hysteria as measured by the MMPI.
Since several of the emotional drain and somatization items suggested physical symptoms or poor health and, especially, since the association of these item sets with subsequent MI was largely removed when persons with symptoms or diagnoses of coronary heart disease were subtracted from the study group, the simplest interpretation of our findings would be that these items, while labeled as psychological, merely reflect physical symptoms already present in some MI prone individuals. Another interpretation is that these really do represent psychological traits that happen to be predictive of MI, especially in persons who already have more advanced coronary atherosclerosis. This view is supported by the possibility that, when we removed persons with anginalike chest pain from our study group, we may have inadvertently removed persons with psychosomatic chest pain as well; and it is possible that psychosomatic chest pain may be associated both with an increased risk of MI and with emotional drain or somatization. We favor the former interpretation and believe that a valuable lesson may be learned from our experience-that even when psychological traits are measured before MI develops, care should be taken that they are not influenced by, or confused with, symptoms of coronary heart disease. Regardless of the interpretation, however, the questionnaire items associated with MI development did show predictive value in our study and may be useful in identifying MI prone persons.
We cannot say why the questionnaire as a whole could still contribute to distinguishing cases from risk controls in the symptom-free subgroup. Anxietyneuroticism items certainly contributed appreciably to this predictive ability. Other than this one positive finding, our study seems to provide little support to current theories as to psychological mechanisms predisposing to or predictive of MI.
SUMMARY
A 155-item psychological questionnaire was given to 330 multiphasic examinees who subsequently developed a welldocumented first myocardial infarction (MI). Two age-sex-race-matched control groups remaining free of MI were selected from multiphasic examinees; one group was additionally matched to the cases for standard coronary rfsk factors. Responses to several questionnaire items were associated with subsequent MI to a statistically significant degree and a further test indicated that the questionnaire as a whole contained more associated items than would be expected by chance. Outside experts selected items to represent certain psychological traits that have been hypothesized as predicting MI. Items representing "emotional drain" and "somatization" proved to be associated with subsequent MI, but these relationships were no longer apparent when persons with coronary symptoms and diagnoses at the time of testing were removed from the study group. Sets of items representing certain other traits were not significantly predictive, except for those representing "anxiety-neuroticism," in the symptomfree subgroup. In studying factors predicting MI, care should be taken that psychological traits are not confused with symptoms of coronary heart disease.
